Introduction {#S0001}
============

Myocardial ischemia-reperfusion (IR) injury is the leading cause of various devastating cardiovascular diseases all over the world,[@CIT0001] and has emerged as the major cause of mortality and morbidity. As one of the primary outcomes of ischemic injury, myocardial infarction (MI) is manifested by aberrant myocardial cell death due to the imbalance of blood supply-demand.[@CIT0002],[@CIT0003] Also, IR injury leads to the coronary artery narrowing and exacerbating the deficiency of oxygen supply to myocardial cells.[@CIT0004] Currently, percutaneous coronary intervention (PCI) and coronary artery bypass grafting (CABG) have been widely applied to treat symptomatic patients with coronary artery disease and significantly restores the blood flow after IR injury.[@CIT0005],[@CIT0006] However, the pathological changes of injured myocardium have not fully ameliorated since the injured microvascular architecture has not been repaired or rebuilt. Thus, exploring the mechanisms and approaches that trigger microvascular regeneration would greatly contribute to patients with coronary artery disease.

It has been demonstrated that interrupted architecture of microvasculature, including aberrant apoptosis and angiogenesis, is an essential factor for pathogenic progression of multiple IR-initiated cardiovascular diseases,[@CIT0007] thus angiogenesis is regarded as an important process to recreate collateral circulation in ischemic myocardium.[@CIT0008] Moreover, microRNAs (miRNAs) are non-coding, single-stranded RNAs, about 18--24 nucleotides in length.[@CIT0009] In addition, miRNAs are ubiquitously expressed in all cell types and are involved in various cellular processes through suppressing target mRNA translation or enhancing degradation.[@CIT0009] Thus, miRNAs function as key regulators in diverse biological and pathological processes, including angiogenesis.[@CIT0010],[@CIT0011] The pharmacological knockdown of miRNA-92a elevates capillary regeneration and improves heart function in MI mouse models.[@CIT0012] The inhibition of miRNA-24 can promote the recovery of MI mice through downregulating the endothelial transcription factor, GATA-2, and endothelial nitric oxide (NO) synthase.[@CIT0013] Collectively, the therapeutic potential of miRNAs should be further investigated in treating coronary artery disease.

Exosomes are small membrane microvesicles (70--120 nm) of endocytic origin, produced by the majority of cell types,[@CIT0014] and participates in intercellular communication through transferring intracellular cargoes, including enzymes, DNA, and non-coding RNAs.[@CIT0015] In the past decade, exosomes have emerged as therapeutic approaches or biomarkers for cardiovascular diseases.[@CIT0016] Exosomes can mediate the pro-angiogenic role of stem cells to promote angiogenesis through paracrine action.[@CIT0017] Exosomes derived from mesenchymal stromal cells promote angiogenesis in MI mice and repair MI-injured myocardium.[@CIT0018] Also, miRNAs and other functioning molecules can be transported by exosomes to play important roles in cardio-protection, such as the regeneration of blood vessels and inhibition of inflammation.[@CIT0019] However, the role of exosomes derived from IR-injured cardiac cells in angiogenesis is still undetermined.

It has been reported that cardiomyocytes of mice with ischemic injury may generate cell-dependent exosomes to the blood circulation system.[@CIT0020] Thus, we collected human coronary blood from the aortic sinus and isolated exosomes. Then, we aimed to investigate the function of exosomes derived from the coronary serum of patients with MI and determine their effect on angiogenesis and related miRNA-related mechanism. Meanwhile, we reported that cardiomyocytes may be a major origin of exosomes that could be transported to endothelial cells. In addition, exosomes derived from MI patients had lower expression of miRNA-143 and could promote angiogenesis of endothelial cells via IGF-IR/NO signaling pathway.

Patients and Methods {#S0002}
====================

Patients {#S0002-S2001}
--------

All patients and control subjects participated in this study were informed and gave written consent. The study protocols were approved by the Ethics Committee of Cangzhou Central Hospital and conformed to the Declaration of Helsinki. Suspected MI patients with electrocardiogram diagonal evidence and chest pain and underwent diagnostic cardiac catheterization in Cangzhou Central Hospital between September 2017 to May 2018 were enrolled in this study. The exclusion and inclusion criteria were based on previously described.[@CIT0021],[@CIT0022] Briefly, the patients with following characteristics were excluded from this study, including: (1) poorly controlled blood pressure; (2) hyperlipidemia (total triglyceride \> 2.26 mM); (3) diabetes (fasting glucose \> 7.0 mM); (4) infectious diseases; (5) other contraindications, for example, hepatic or nephritic conditions. By the angiography analysis, patients with more than 70% stenosis were classified as experimental group (MI). Patients without stenosis or with less than 50% stenosis were classified as the control group.

Exosome Isolation {#S0002-S2002}
-----------------

Exosomes were isolated from the serum of MI and control patients. 10 mL blood samples were collected from the aortic sinus through cordis 6F catheter (Johnson & Johnson, USA) into the centrifuge tubes. Then blood samples were centrifuged at 2400 g for 10 minutes at 4 °C and then the supernatants were collected and centrifuged at 800 g for 10 minutes at 4 °C. Afterward, the purified serum samples were used to isolate exosomes using the ultracentrifugation method as previously described.[@CIT0023],[@CIT0024] The concentration of exosomes was measured using the Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific, USA) according to the manufacturer's instructions.

Transmission Electron Microscopy {#S0002-S2003}
--------------------------------

Transmission electron microscopy (TEM) was performed to determine the morphology of exosomes as previously described.[@CIT0025],[@CIT0026] Fixed exosomes were photographed by JEOL JEM-1400 transmission electron microscope (JEOL USA, Inc.).

Western Blots {#S0002-S2004}
-------------

Total protein of exosomes, cells, and cardiac tissues were isolated using the RIPA Lysis Buffer (BosterBio, USA). Western blots were performed as previously described.[@CIT0027] The primary antibodies used in this study were as following: Insulin-like growth factor 1 receptor (IGF-IR) (1:500), CD9 (1:500), CD63 (1: 500), Flotillin (1:1000), Tsg101 (1:1000), Rab11a (1:1000), and β-actin (1:5000) (Santa Cruz, Shanghai, China). The protein band was imaged on a Bio-Rad Chemidoc system (Bio-Rad Laboratories, USA).

Quantitative Real-Time PCR (qRT-PCR) {#S0002-S2005}
------------------------------------

Total RNAs were isolated by TRIzol reagent (Invitrogen, USA) and first-strand cDNAs were synthesized using the PrimeScript RT reagent kit (TaKaRa, USA) according to the manufacturer's instructions. MiRNA-143 primers were synthesized from QIAGEN (QIAGEN, Germany). The primers used in this study were as following: IGF-IR: 5′-ACAGAGTACCCTTTCTTT-3′ (F) and 5′-AAGAACACAGGATCTGTCCACGAC-3′ (R); β-actin: 5′-AGGCATCCTCACCCTGAAGTA-3′ (F) and 5′- CACACGCAGCTCATTGTAGA-3′ (R). The PCR reactions were performed using the SYBR Premix Ex Taq II kit (TaKaRa, USA) on a 7500 Real-Time PCR System (Applied Biosystems, USA). The relative expressions were analyzed using the 2−ΔΔCt method.[@CIT0028]

Cell Culture {#S0002-S2006}
------------

Mouse cardiomyocytes (CMs), cardiac endothelial cells (CEs), cardiac fibroblasts (CFs), and human umbilical vein endothelial cells (HUVECs) were obtained from Sigma-Aldrich. Cell lines and CMs were cultured in Dulbecco's Modified Eagle Medium (Gibco, USA) and supplemented with 10% Fetal Bovine Serum. The CFs were cultured in Endothelial Cell Growth Medium-2 (Lonza, USA). Cells were incubated in a humidified incubator at 37°C and 5% CO~2~ (Thermo Scientific, USA). To mimic MI, cells were treated as previously described.[@CIT0029]

Confocal Imaging {#S0002-S2007}
----------------

To visualize the internalization of exosomes in HUVECs, exosomes were stained with PKH26 (Sigma-Aldrich, USA) according to the manufacturer's protocol. The HUVECs were stained with Phalloidin and DAPI (Sigma-Aldrich, USA) according to the manufacturer's protocol. Then, exosomes were cocultured with HUVECs for 8 hours and imaged using the Confocal Laser Scanning Microscope (Leica, Germany).

Cell Transfection {#S0002-S2008}
-----------------

The HUVECs were transfected with miRNA-143 mimic, inhibitor, and negative control (Sigma-Aldrich, USA) using the Lipofectamine™ 3000 Transfection Reagent (Invitrogen, Waltham, MA, USA) according to the manufacturer's instructions.

Luciferase Assay {#S0002-S2009}
----------------

Luciferase vectors containing wild-type and mutated binding sites of miR-143 in 3ʹUTR of IGF-IR were transfected into HUVECs using the Lipofectamine™ 3000 (Invitrogen, USA) according to the manufacturer's instructions. After 24 hours' transfection, relative luciferase activity was measured using the Pierce™ Firefly Luciferase Glow Assay Kit (Thermo Scientific, USA).

Cell Proliferation, Migration, and Tube Formation {#S0002-S2010}
-------------------------------------------------

Cell proliferation profile of HUVECs was determined using the 96,992 Cell Counting Kit (CCK-8) (Sigma-Aldrich, USA). The OD value was detected using the spectrophotometric microplate reader at 450 nm (BMG Labtech, Germany). The migration ability of HUVECs was evaluated by the Transwell assay (Radius Cell Migration Assays Cell Biolabs, Inc, USA) and scratch wound assay (CytoSelect™ 24-Well Wound Healing Assay, Cell Biolabs, Inc, USA) according to the manufacturer's instructions. Tube formation was determined using µ-Slide Angiogenesis (ibidi GmbH, Germany) according to the manufacturer's instructions.

Microarray {#S0002-S2011}
----------

Total RNA was isolated from exosomes using TRIzol reagent (Invitrogen, USA). The RNA quality was determined by ND-2000 NanoDrop (Thermo Fisher Scientific, USA). The adapter ligation, cDNA synthesis, PCR, and RNA libraries construction were performed by TruSeq Stranded Total RNA Library Prep Kit (Illumina, USA) according to the manufacturer's instructions. Microarray assay was performed as Previously described.[@CIT0030],[@CIT0031] Next, the samples were sent and processed in BGI Company (Beijing, China). Briefly, SurePrint Human miRNA Microarrays kit (Agilent, USA) was applied for labeling and hybridization according to the manufacturer's instructions. The miRNA expression profile was analyzed by using the Agilent Human 8×60 K. The experiments had at least 3 repeats. The differential expression of miRNAs was defined as those with larger or less than 2-fold change meanwhile *P* \< 0.05. Raw data were normalized by the Quantile algorithm in R software. Statistic differences were calculated using the *t*-test.

Nitric Oxide Level {#S0002-S2012}
------------------

The NO level of HUVECs was determined using the Nitric Oxide Assay Kit (Abcam plc. USA) according to the manufacturer's instructions.

Animal Model {#S0002-S2013}
------------

All experimental procedures were approved by the Institutional Animal Care and Use Committee of Cangzhou Central Hospital. All animal experiments were performed according to the guidelines of the local regulatory agencies and conformed to the Regulations for the Management of Laboratory Animals published by the Ministry of Science and Technology of the People's Republic of China. Male nude C57BL/6 mice aged 10--12 weeks (Jackson Laboratory, USA) were housed in a pathogen-free environment and had free access to food and water. The MI mouse model was established as previously described.[@CIT0032] The MI-injured zones were collected 3 days after MI treatment.

Statistical Analyses {#S0002-S2014}
--------------------

Statistical analysis was performed using SPSS v.19.0 software (SPSS, IL, USA). Values were presented as mean ± SD. Each experimental group had at least three replicates. Pearson correlation was used to calculate the correlation between miRNA-143 and IGF-IR. Differences between groups were analyzed with Student's *t*-test. *P* \< 0.05 was regarded as statistically significant.

Results {#S0003}
=======

Serum-Derived Exosome Isolation and Identification {#S0003-S2001}
--------------------------------------------------

Exosomes were isolated from 14 MI (MI-exosome) and 10 control (Con-exosome) patients. The information on all subjects was summarized in [Table 1](#T0001){ref-type="table"}. The morphology of exosomes was assessed by TEM and exosomes displayed spherical shape ([Figure 1A](#F0001){ref-type="fig"}). Nanosight analysis revealed that the diameter distribution of exosomes ranged from 30 to 100 nm ([Figure 1B](#F0001){ref-type="fig"}). Next, the exosome markers, CD9, CD63, and Flotillin were detected using Western blots and the results suggested that all three exosome markers were positively expressed in exosomes ([Figure 1C](#F0001){ref-type="fig"}). Together, these results demonstrated that the isolated microvesicles from the serum of MI patients were exosomes. Next, to determine whether exosomes could be taken up by HUVECs, exosomes were cocultured with HUVECs for 8 hours. Under the confocal microscope, PKH26-labeled exosomes were found to overlap with DAPI-labeled HUVECs, suggesting exosomes could be successfully internalized by HUVECs ([Figure 1D](#F0001){ref-type="fig"}).Table 1Characteristics of PatientsCharacteristicsIschemia (N = 14)Control (N = 10)Age (year)62.4±4.560.1±5.2Male/Female8/65/5Glucose (mM)5.6±0.95.7±1.1Triglyceride (mM)1.1±0.31.3±0.4Cholesterol (mM)3.1±0.53.3±0.8Low-density lipoproteins (mM)1.8±0.32.0±0.3Troponin positive (%)600Left ascending artery (%)7030Left circumflex artery (%)4020Right coronary artery (%)1010 Figure 1Characterization of exosomes derived from the serum of patients with MI. (**A**) Morphology of exosomes, scale bar = 500 nm (left panel) and 100 nm (right panel). (**B**) The diameter distribution of exosomes. (**C**) Protein expressions of exosomal markers CD9, CD63, and Flotillin. (**D**). MI-exosome was internalized by HUVECs. Blue color represented nuclei stained with DAPI and red color represented exosomes stained with PKH26. Scale bar = 25 nm.

MI-Exosome Promotes Cell Proliferation, Tube Formation, and Migration in HUVECs {#S0003-S2002}
-------------------------------------------------------------------------------

To determine the effect of MI-exosome on HUVECs, CCK-8, tube formation, scratch wound, and Transwell assays were performed in HUVECs. In the CCK-8 assay, MI-exosome significantly increased the proliferative capability of HUVECs compared with Con-exosome ([Figure 2A](#F0002){ref-type="fig"}). Next, MI-exosome increased a greater number of vascular branches in HUVECs, relative to Con-exosome, indicating a pro-angiogenetic role of MI-exosome ([Figure 2B](#F0002){ref-type="fig"}). In addition, MI-exosome could elevate the migration ability in HUVECs while Con-exosome did not affect HUVECs ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Together, exosomes that originated from the coronary serum of MI patients may exert a positive role in angiogenesis of HUVECs.Figure 2MI-exosome promotes cell proliferation, tube formation, and migration in HUVECs. (**A**) Proliferation of HUVECs determined by CCK-8 assay. (**B**) Tube formation ability of HUVECs was determined by tube formation assay, scale bar = 100 nm. (**C**) The migration ability of HUVECs was determined by scratch wound assay, scale bar = 100 nm. (**D**) The migration ability of HUVECs was determined by Transwell assay. Scale bar = 50 nm. \**P* \< 0.05; values are mean ± SD.

CMs May Be the Main Origin of MI-Exosome {#S0003-S2003}
----------------------------------------

To investigate the origin of MI-exosome, we performed Western blots to assess exosome biogenesis markers, Alix, Tsg101, and Rab11a,[@CIT0033],[@CIT0034] in the myocardium and three types of cardiac cells, including cardiomyocytes, endothelial cells, and fibroblasts. In mouse MI myocardium, all three markers were increased compared with those of the control group ([Figure 3A](#F0003){ref-type="fig"}). Also, the expressions of Alix and Rab11a were upregulated in MI-CMs, indicating that CMs may be a primary site to produce exosomes. ([Figure 3B](#F0003){ref-type="fig"}). On the other hand, the expressions of three exosome biogenesis markers were not affected by MI in both CEs and CFs ([Figure 3C](#F0003){ref-type="fig"} and [D](#F0003){ref-type="fig"}). These results indicated that CMs might be the main origin of exosomes in MI.Figure 3The main origin of MI-exosome may be in the CMs. (**A**) The expression of exosome biogenesis markers Alix, Tsg101, and Rab11a in mouse MI myocardium. (**B**) The expression of exosome biogenesis markers Alix, Tsg101, and Rab11a in CMs. (**C**) The expression of exosome biogenesis markers Alix, Tsg101, and Rab11a in CEs. (**D**). The expression of exosome biogenesis markers Alix, Tsg101, and Rab11a in CFs. \**P* \< 0.05; values are mean ± SD.

Exosomal miRNA-143 Is Decreased in MI-Exosome and Promotes Angiogenesis {#S0003-S2004}
-----------------------------------------------------------------------

ZTo investigate the potential miRNA that may mediate the role of exosomes in HUVEC angiogenesis, a microarray analysis was performed to determine the miRNA profile in both MI- and Con-exosome. Relatively, miRNA-143 displayed the greatest downregulated level in MI-exosome as shown in the volcano plot ([Figure 4A](#F0004){ref-type="fig"}, [Table 2](#T0002){ref-type="table"}), which was also verified by qRT-PCR ([Figure 4B](#F0004){ref-type="fig"}), suggesting a potential role of miRNA-143 in the regulation of angiogenesis. In exosomes from all subjects, the results showed that the expression of miRNA-143 was decreased in MI-exosome compared with those of Con-exosome ([Figure 4C](#F0004){ref-type="fig"}). To further determine the function of miRNA-143 in HUVECs, the overexpression and knockdown of miRNA-143 was performed via transfecting HUVECs with miRNA-143 mimic and inhibitor, respectively. In CCK-8 and tube formation assays, the overexpression of miRNA-143 significantly inhibited cell proliferation and the ability of tube formation in HUVECs, while the knockdown of miRNA exerted the opposite role ([Figure 4D](#F0004){ref-type="fig"} and [E](#F0004){ref-type="fig"}). Together, the upregulation of miRNA-143 could suppress proliferation and vascular formation in HUVECs, indicating an anti-angiogenesis role of miRNA-143.Table 2Differentially Expressed miRNAs DownregulatedLog~2~(FC)P valueUpregulatedLog~2~(FC)P valuehsa-miRNA-143**−7.820.03**\*hsa-miRNA-199a5.730.01hsa-miRNA-30b−7.520.03hsa-miRNA-2145.68\<0.01hsa-miRNA-107−7.470.02hsa-miRNA-4515.310.03hsa-miRNA-103−7.460.03hsa-miRNA-4245.230.01hsa-miRNA-423−7.270.03hsa-miRNA-148a4.950.05hsa-miRNA-504−7.070.03hsa-miRNA-518c4.930.03hsa-miRNA-99b−7.060.02hsa-miRNA-2184.790.04hsa-miRNA-138−6.990.03hsa-miRNA-1194.69\<0.01hsa-miRNA-361−6.950.03hsa-miRNA-1464.690.04hsa-miRNA-23a−6.350.04hsa-miRNA-7664.550.05hsa-miRNA-500−5.820.03hsa-miRNA-125a4.430.01hsa-miRNA-106a−5.680.01hsa-miRNA-4094.140.01hsa-miRNA-17-3p−5.41\<0.01hsa-miRNA-1503.67\<0.01hsa-miRNA-376a−4.930.03hsa-miRNA-29a3.570.04hsa-miRNA-19b−4.80.04hsa-miRNA-213.470.03hsa-miRNA-339−4.770.04hsa-miRNA-5743.330.04hsa-miRNA-98−4.550.02hsa-miRNA-1253.180.05hsa-miRNA-26b−4.380.02hsa-miRNA-3503.110.02hsa-miRNA-221−4.360.01hsa-miRNA-3753.080.05hsa-miRNA-638−4.190.02hsa-miRNA-6013.040.04[^1][^2] Figure 4Exosomal miRNA-143 is decreased in MI-exosome and promotes angiogenesis. (**A**) Microarray data were visualized by volcano plot. (**B**) Expression change of miRNA-143 in microarray assay was verified by qRT-PCR. (**C**) The expression of miRNA-143 in exosomes derived from the serum of MI and control patients. (**D**) Proliferation of HUVECs transfected with miRNA-143 mimic or inhibitor. (**E**) Tube formation of HUVECs transfected with miRNA-143 mimic or inhibitor. Scale bar = 100 nm. \**P* \< 0.05, \*\**P* \< 0.01; values are mean ± SD.

MiRNA-143 Directly Targets IGF-IR and Promotes NO Production {#S0003-S2005}
------------------------------------------------------------

To determine the downstream targeting gene of miRNA-143, we performed bioinformatic analysis to predict the potential target gene of miRNA-143. The results revealed that IGF-IR contained a putative binding site of miRNA-143 in 3ʹUTR ([Figure 5A](#F0005){ref-type="fig"}). The luciferase reporter assay revealed that the relative luciferase activity was decreased in HUVECs carrying wild-type 3ʹUTR of IGF-IR compared with those containing mutant 3ʹUTR ([Figure 5B](#F0005){ref-type="fig"}), suggesting miRNA-143 could directly target IGF-IR. Furthermore, overexpression and knockdown of miRNA-143 could reduce and elevate the protein and mRNA level of IGF-IR, respectively ([Figure 5C](#F0005){ref-type="fig"} and [D](#F0005){ref-type="fig"}). Meanwhile, the upregulation of miRNA-143 was associated with reduced NO production ([Figure 5E](#F0005){ref-type="fig"}). Therefore, these results suggested that the effect of exosomal miRNA-143 on angiogenesis may be mediated by IGF-IR signaling and NO activity.Figure 5MiRNA-143 directly targets IGF-IR and promotes NO production. (**A**) Putative binding site of miRNA-143 in 3ʹUTR of IGF-IR. (**B**) Relative luciferase activity in HUVECs cells transfected with luciferase reporter vector carrying wild-type or mutant binding site of miR-143 in 3ʹUTR of IGF-IR and miR-130b-3p mimic and negative control. (**C**) mRNA expression of IGF-IR in HUVECs transfected with miRNA-143 mimic or inhibitor. (**D**) Protein expression of IGF-IR in HUVECs transfected with miRNA-143 mimic or inhibitor. (**E**) NO level in HUVECs transfected with miRNA-143 mimic or inhibitor. \**P* \< 0.05, \*\**P* \< 0.01; values are mean ± SD.

Exosomal miRNA-143 Activates IGF-IR Signaling in HUVECs {#S0003-S2006}
-------------------------------------------------------

To determine whether IGF-IR signaling could be activated by exosomal miRNA-143, HUVECs were cocultured with MI-exosome. Compared with Con-exosome, the expression of miRNA-143 was decreased in HUVECs cocultured with MI-exosome ([Figure 6A](#F0006){ref-type="fig"}), meanwhile, both mRNA and protein expression of IGF-IR were increased by MI-exosome ([Figure 6B](#F0006){ref-type="fig"} and [C](#F0006){ref-type="fig"}). Furthermore, a negative correlation between miRNA-143 and IGF-IR was revealed by Pearson correlation analysis ([Figure 6D](#F0006){ref-type="fig"}). Together, these results suggested that downregulated miRNA-143 could activate IGF-IR signaling and promote angiogenesis.Figure 6Exosomal miRNA-143 activates IGF-IR signaling in HUVECs. (**A**) Expression of miRNA-143 in HUVECs cocultured with Con-exosome or MI-exosome. (**B**) mRNA expression of IGF-IR in HUVECs cocultured with Con-exosome or MI-exosome. (**C**) Protein expression of IGF-IR in HUVECs cocultured with Con-exosome or MI-exosome. (**D**) Pearson correlation between miRNA-143 and IGF-IR expressions. \**P* \< 0.05; \*\**P* \< 0.01. Values are mean ± SD.

Discussion {#S0004}
==========

In the present study, the function of serum-derived exosomal miRNA in angiogenesis was elucidated, providing a novel strategy for the treatment of MI injury. Specifically, exosomes isolated from human coronary blood exerted a pro-angiogenic role in CEs and the origin of these exosomes were primarily from ischemic CMs. Also, the effect of exosomes on CEs was mediated through the downregulation of miRNA-143, which was associated with the IGF-IR/NO pathway.

Currently, previous studies have investigated the functions of exosomes and exosome-carrying intracellular cargoes in various biological and pathological processes,[@CIT0035],[@CIT0036] the most of exosomes, however, are derived from human-cultured cells or animal models, including rats and mice,[@CIT0037] suggesting that there may be limits on the translational value of these studies. Therefore, investigating the role of exosomes obtained from human samples may be an optional solution for this barrier. In this study, we isolated exosomes from coronary blood of both MI and control patients. Relatively, MI-derived exosomes played a significant role in promoting CEs proliferation, abilities of tube formation, as well as migration. Furthermore, our study demonstrated that CMs, but not CEs and CFs, may be an origin of functioning exosomes. Wang et al reported that exosomes secreted from CMs transport miRNA-320 to endothelial cells to inhibit angiogenesis in type 2 diabetic rats.[@CIT0038] Also, exosomal miRNA-30a functions as an important intercellular communication mediator between CMs to regulate autophagy, in response to the hypoxic condition.[@CIT0039] Collectively, CMs are an essential origin of exosomes that play a critical role in the regulation of MI-initiated cellular activities.

To further determine the mechanism underlying the action of MI-associated exosomes in angiogenesis, the microarray assay was performed to investigate functioning miRNAs. Among several candidate miRNAs, miRNA-143 showed the greatest downregulation in MI-exosomes. In the subsequent experiments, the overexpression of miRNA-143 inhibited CEs proliferation and tube formation, whereas the knockdown of miRNA-143 exerted an opposite role in angiogenesis. Moreover, miRNA-143 has been reported to be associated with the angiogenic process in endothelial dysfunction in preeclampsia.[@CIT0040] Also, exosome-transferring miRNA-143 from pulmonary artery smooth muscle cells can be internalized and play a pro-angiogenic role in pulmonary arterial endothelial cells.[@CIT0040] In colorectal cancer, the upregulation of miRNA-143 exerts an inhibitory role in angiogenesis, proliferation, and migration through targeting IGF-IR. Together, these observations revealed the importance of miRNA-143 in angiogenesis in various tissues and cell types.

MiRNAs play important roles in the post-transcriptional regulation of target genes, primarily through binding to the complementary sequences in the 3′ untranslated regions (UTR).[@CIT0041] By combining with bioinformatic analysis and previous studies, IGF-IR was a promising candidate for the targeting gene miRNA-143. By verifying through the luciferase reporter assay, the results showed that miRNA-143 could directly target IGF-IR. Also, the expression of miRNA-143 was negatively correlated with the protein level of IGF-IR. The insulin‐like growth factor (IGF) signaling is essential in diverse physiological processes, including growth, development, and metabolism.[@CIT0042] As one of the main receptors in the IGF system, IGF-IR is activated by autophosphorylation and thereby results in the activation of phosphatidylinositol 3‐kinase (PI3K) and mitogen activated protein kinase (MAPK) signaling.[@CIT0043] Functionally, IGF-IR has been found to play an essential role in angiogenesis. For example, similar to the present study, miRNA-143 can inhibit tumor growth and angiogenesis by targeting IGF-IR in colorectal cancer.[@CIT0044] Also, the overexpression of miR-148a/152 exerts a negative role in cell proliferation and angiogenesis through targeting IGF-IR and insulin receptor substrate 1 (IRS1) in breast cancer.[@CIT0045] Furthermore, the suppression of IGF-IR via NVP-AEW541, a kinase inhibitor, inhibits tumor growth and angiogenesis in pancreatic cancer.[@CIT0046] As such, IGF-IR may function as a signaling hub to mediate angiogenic processes in various tissues, providing a potential biomarker to regulate angiogenesis.

In the present study, the effect of miRNA-143 was associated with the production of NO. Additionally, NO is synthesized by the endothelium and plays a wide range of roles in various biological processes, such as maintaining vascular homeostasis, protection of injured vessels, and regulation of cell growth.[@CIT0047] As a multifunctional factor, NO-related endothelial dysfunction is a notable characteristic of cardiovascular diseases.[@CIT0048] In cardiac endothelial cells, NO has been demonstrated to be involved in promoting cell proliferation and migration, while inhibiting apoptosis.[@CIT0049] In this study, the downregulation of miRNA-143 caused a higher level of NO production, along with increased angiogenesis, indicating NO may exert a cardioprotective effect on CEs in MI, which also extend our understanding for MI.

On the other hand, it should be pointed out that there are still some limitations in this study. For example, due to our relatively small sample size, the findings of this study might not elucidate all functional miRNAs and associated signaling pathways. Also, due to the complexity of clinical characteristics, the exclusion and inclusion criteria used in this study also might not cover all clinical scenarios. Thus, the larger sample size and detailed inclusion criteria should be taken into account in future study. Meanwhile, in this study we only investigated the role of MI-exosome in HUVECs, but not in cardiac cells, such as CM, CF. Therefore, it is worthwhile to further explore the function of MI-exosome in the cardiac tissues and cells. Furthermore, the function of MI-exosome should also be determined in vivo study.

Conclusion {#S0005}
==========

In conclusion, the results suggest that exosomal miRNA-143 derived from the serum of MI patients can promote angiogenesis in CEs through targeting IGF-IR and enhancing NO production. This study may provide a novel understanding of the function of exosomal miRNAs in MI.
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[^1]: **Note:** \*P \< 0.05.

[^2]: **Abbreviation:** Log~2~(FC), log~2~(fold-change).
